Purpose This short study aims at quantitatively correlating scale readings of the Goldmann tonometer to corneal curvatures in one and the same eye. Methods A total of 30 eyes of 21 adult patients who presented themselves in clinical practice for routine examination were arbitrarily selected. Corneal curvatures were measured in the horizontal and vertical meridians and then applanation tension measured in the same order. The data were submitted to statistical analysis by computer using Microsoft Excel and SAS System programs. Results All cases exhibited a strong positive correlation of tonometric readings to corneal curvature, that is, the flatter the curvature, the lower the reading on the scale of the tonomer, and vice versa. Conclusion The numbers on the scale of the Goldmann tonometer may not represent true intraocular pressure in mmHg because their values depend on a number of variables of the globe, including corneal astigmatism. Attention to these influences may help interpret the tonometric record in difficult cases.
Introduction
In the 50 years since Hans Goldmann invented his applanation tonometer, 1 it has justifiably become the standard instrument in practice and the touchstone for other tonometers. 2, 3 Goldmann believed that as long as the applanated area had a diameter of 3.06 mm (area of 7.354 mm 2 ) normal corneal variations in man did not influence the instrument's reading: 'It does not make any difference if the cornea is more curved or less, or if the eye has a higher or lower rigidity'. 4, 5 Since then, however, it has been shown that the tonometer's recordings are affected by a number of normal variations of the globe, such as corneal thickness, 6 corneal curvature, 7 and axial length. 8 It therefore seemed useful to quantify also the relation of the tonometer's values to corneal astigmatism with a view to a better definition of its limitations, 9 thereby rendering the interpretation of its record more accurate. We have chosen to do the measurements in one and the same eye in order to eliminate the effect of dependent and independent variables of different globes.
Material and methods
A total of 30 eyes of 21 adult patients who came in for routine examination were selected randomly for measurement. The sample size was deemed adequate when preliminary analysis revealed a strong and very significant correlation of the data. None of the subjects had any active ocular disease or abnormalities of the coats. A starting point of 1.75 D of regular astigmatism was chosen. In all, 22 eyes had astigmatism with the rule, and eight against it. One investigator did all the measurements and two others then independently analysed the data by computer, using mainly Microsoft Excel and SAS System programs.
Results
The average astigmatism in our population was 3.3 D, and the average difference in tonometry in the two meridians was 2.8 scale units. The results of the coupled measurements are shown in Figure 1 . In each of the eyes, the tonometric pressure value was higher when the prisms were at the steeper corneal meridian than at the flatter. Correlation coefficient was 0.61 (covarriance ¼ 112.6) with an r 2 ¼ 37, indicating that 37% of the difference in tonometric data was determined solely by corneal astigmatism. In linear regression analysis in which tension was the dependent variable and curvature the independent one, the slope coefficient was 0.53 þ 0.13(SE) indicating that for these data, an increase of 1 D in corneal curvature corresponded to an increase of 0.53 units ('mmHg') in the tonometer's scale value. The coefficient was statistically significant (P ¼ 0.004). The physical forces are illustrated in Figure 2 .
Discussion
The crux of Goldmann tonometry is the premise that when an area of exactly 3.06 mm in diameter (7.354 mm 2 ), in the centre of the human cornea, is applanated, the true intraocular pressure (IOP) underneath it is measured. 10 Goldmann and Theo Schmidt recognized the problem of an astigmatic cornea, where the area is an ellipse with different diameters in different meridians; the end point of the prism's semicircles is therefore reached sooner in the flatter than in the steeper one. They believed to have overcome the dilemma by calculating the angle to the horizontal where the applanated area of an ellipse will be exactly 7.354 mm 2 . This was found to be 431, and it is notched in the casing of the tonometer's prism. Alternatively, one may simply average the readings of the two meridians.
Actual quantitative data of the difference in scale reading in different meridians were never published, leaving the magnitude of the error unknown. This study therefore aimed at filling the void on the way to improved interpretation of the tonometer's record. Corneal astigmatism of 5-6 D is not quite rare, and could make the difference, for instance, between 18 and 21 'mmHg', which in turn may decide the management of the patient. In the final analysis, all methods that attempt to find the true IOP by pressing on the eyeball from outside are subject to extraneous influences that render them inaccurate, militating against replacing hard clinical judgement with mathematical calculations and an 'Imbert-Fick Law'. 
